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THE DIFFERENTIAL CLEARANCE OF SODIUM IODIDE AND
IODOANTIPYRENE FROM THE SKIN*
ROBERT I. FREEDMAN, M.D., CHESTER HYMAN, PH.D., NORMAN E.
LEVAN, M.D. AND W. H. WONG, M.D.t
Previous work from this laboratory demon-
strated the applicability of tissue clearance
tecimiques in evaluating the nutritional circu—
lation of the skin (1, 2). Several workers have
suggested tint analogous clearance techniques
may measure total blood flow (3, 4). The use of
a compound which diffuses rapidly through the
tissue and passes the blood tissue barrier with-
out difficulty, i.e. one whose removal is flow
limited, apparently provides such a technique.
Renkin (3) found that lipid soluble substances
produce smaller transcapillary osmotic effects
than lipid insoluble molecules, and concluded
that the lipid soluble molecules pass through
areas in the capillary walls which are relatively
impermeable to polar compounds. Renkin fur-
ther suggested (4) that the clearance of a
lipid soluble substance such as antipyrene
might parallel total blood flow through the
area being studied. Lassen (5) provided a
mathematical analysis of this approach to blood
flow measurement and used Xenon 133 as the
diffusible marker in several studies.
Recently investigators have utilized iodo-
antipyrene (TAP) labeled with F3' or T in
studies of the circulation. Lindjberg (6) dem-
onstrated clearances of F°' TAP were equal to
that of Xenon 133 from various skeletal mus-
cles both at rest and during hyperemia, sug-
gesting that TAP diffuses as readily as Xe 133.
However, TAP has an advantage in the study of
the cutaneous circulation in that its solubihty
in fat is only 10% of that of Xenon. Munck,
ct cii. (7) from studies of T'25 TAP clearance
from various subcutaneous sites, concluded that
clearance of TAP is a valid measure of blood
flow, but saw no advantage of TAP over radio-
active sodium or iodide.
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Cutaneous blood flow during hyperemia was
studied by Hyman (8), who found an in-
creased total flow without significant con-
conñtant alteration of nutritional flow. He esti-
mated the former by plethysmography, and the
latter by T'°' clearance. We have attempted to
extend these studies by measuring the clearance
of TAP and sodium iodide from selected layers
of the skin under normal conditions and heat
induced hyperernia.
MATERIAL AND METHODS
Subjects were 19 healthy men and women aged
21 to 30. 12—24 hours prior to testing each subject
was given a glass of juice containing 10 drops of a
saturated solution of potassium iodide to suppress
thyroid uptake of F°'. Studies were conducted in
an environmental control chamber where each
subject rested at 70° F. for one half hour prior to
testing. Injections were made with a 1.0 ml syringe,
and a 27 gauge needle; each injection containing
1—2 jzc of either lAP or NAI in 0.05 ml of diluent.
Both intracutaneous and subcutaneous injections
of each isotope were made at 70° and 100° in each
subject. The criterion for a good intracutaneous
injection was the presence of a wheal. For sub-
cutaneous injection, a cork wedge with a slope of
23 degrees was used to guide the syringe and the
needle shaft was inserted 10 mm into the skin.
By calculation, the tip of the needle, hence the
injected material was approximately 5 mm below
the skin surface. Assuming an average skin thick-
nes of 2 mm (9), these injections were most likely
in subcutaneous tissue. Activity over the injected
site, measured with a scintillation detector and
count rate meter was begun one minute after in-
jection, and continued for a period of 20—40 min-
utes. The data were transferred to semi-log plots
and the clearance constants determined as previ-
ously described (1). When both lAP and NAI
clearances had been completed at 70° F., the ambi-
ent temperature was raised to 100° F., the subject
again allowed to equilibrate, and identical runs
Performed at the higher temperature.
RESULTS
Clearance constants were calculated from
curves fitted to the data. The disappearance of
J13' followed a single phase exponential curve
from both intradermal and subcutaneous sites.
Although the clearance of TAP' demonstrated
greater variability, it was noted that more than
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50% of the isotope cleared along a single ex-
ponential during the first five minutes. There-
fore evaluation of all clearances have been
limited to those changes which occurred within
the first five minutes. The results are sum—
TABLE I
Clearance of I1 and lAP from intradermal
injection sites in 11 normal subjects
TABLE II
Clearance of I's' and lAP from svbcilaneons
injection sites in 19 noTmal subjects
7O
I's'
7O
lAP
1OO
P3'
1OO
lAP
D.S. (F)
J.S. (M)
ST. (M)
T.B. (M)
R.F. (M)
C.}I. (M)
M.E. (F)
D.T. (1VI)
NW. (F)
MC. (F)
W.T. (M)
B.B. (F)
R.L. (M)
Jil. (M)
MI). (F)
D.W. (F)
J.S (M)
J.T. (M)
M.P. (M)
13.93
11.94
17.06
10.77
15.05
13.16
12.61
10.55
9.52
15.38
11.04
12.53
10.45
7.75
—1.86
14.59
20.30
10.16
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12.50
15.20
9.75
9.10
7.26
7.30
14.30
6.07
11.00
9.21
9.62
10.38
7.41
16.08
10.62
17.38
12.98
12.05
11.68
13.93
12.41
8.42
12.40
9.57
14.84
10.54
9.85
15.37
12.22
10.11
16.73
14 21
15.35
13.32
31.34
18.24
17.42
23.00
21.90
13.20
13.06
16.36
22.32
8.46
13.25
23.03
9.70
15.42
11.62
26.87
19.40
21.16
22.73
Mean
S.D.
12.88 10.79 12.58 18.35
70 %Change
Intradernial
15.3 1.15 17.5 2.25 14.4
lAP13 18.9 1.66 22.3 2.7 18.0
Subcutaneous
J2 12.88 2.06 12.56 2.28 3.5
lAP'31 10.70 3.11 18.35 70.0
marized in Tables I and II and the significance
of these findings will be discussed.
Clearance from Intradermal Injectwn Sites
At 70° F. the mean clearance values of I
nud lAP131 were 15.3 1.15% min1 and 18.9
1.66% min1 respectively. These values in-
creased to 17.5 2.25% rnin1 for I'°' and
22.3 2.7% min' for lAP when the ambient
temperature was raised to 1000 F. This repre-
sents an increased clearance of approximately
15% for each substance.
Clearance from Subctttanous Injection Sites
Sodium Iodide and Todoantipyrene both
showed greater variability in individual clear-
ances at the 5 mm depth than from high intra-
dermal injections.
At 70° F. the mean clearance of Sodium Io-
dide was 12.88 2.96% rniir1 and the meaii
value for the lodoantipyrene was 10.79
3.11% miIi'. At 1000 F. the clearance of Sodium
Iodide did not change, the mean value being
12.56 2.28 min'. However the antipyrenc
clearance increased from the initial value of
10.79% to 18.35% rnin, an increase of 70% in
the clearance rate at the higher ambient
temperature (Table III).
DISCUSSION
Hyman and Greeson (8) showed that reflex
heating increased blood flow in the skin as
measured plethysmographicallv, but did not
change the clearance rate of Sodium Iodide
from the skin. They concluded that the in-
creased flow was restricted to vessels which did
not participate in solute exchange, i.e. thermo-
regulatory shunts in forearm skin.
The present finding of differential changes in
clearance of NAI and TAP from subcutaneous
TABLE III
Comparison of ZVAI and lAP clearance from
iniradermat and. site
S.G. (M)
TEE. (F)
iL. (M)
EM. (M)
KB. (F)
D.A. (M)
S.D. (F)
R.P. (M)
0.0. (F)
S.P. (M)
T.H. (F)
7O
1131
15.05
16.3
15.0
15.2
16.5
14.6
15.0
13.9
14.0
14.1
17.7
7O
lAP
18.2
21.2
19.0
19.9
17.1
18.7
18.0
17.0
16.6
21.3
21.1
18.9
1.66
1oo
1131
16.5
21.9
17.3
17.9
10.1
14.2
12.5
10.6
16.4
18.2
19.2
17.5
1oo
lAP
23.6
27.0
20.9
22.5
22.3
18.1
20.2
20.5
19.8
26.5
24.5
22.3Mean
S.D.
15.3
±1.15
CUTANEOUS BLOOD FLOW 493
sites tends to confirm the observations of Hy-
man and Greeson. The rneai clearance of
Sodium Iodide from iritraderma depots at 70
F. of 15.3 1.15% miff1 agrees with previously
determined values for normal iodide clearance,
14.8 3% (1). The mean intradermal clearance
of lAP at this temperature was slightly greater
(18.9 1.66% min1) than NAI, but not un-
expected if antipyrene indeed has a greater area
available for diffusion. The reproducibility of an-
tipyrene clearance values at this skin level was
very good and the values obtained agree with
those reported (20.8% min') by Jacobson (10).
Jacobson did not attempt to study the effect of
body heating because he felt that the lAP might
be eliminated with sweat as is Xenon 133. If this
were, in fact, a major path for lAP move-
ment, there would be a buildup of background
activity and a decreasing clearance rate during
the latter phase of the experiment. Since this
was not observed with either the intradermal
or subcutaneous injections, we believe that the
changes in clearance during hyperemia repre-
sent the effects of changes in blood flow.
The approximately equal increase in the
int.radermal clearance of both NAI and lAP at
1000 F. suggests that during hyperemia the
area available for removal of these substances
from the upper dermis remains constant, and
that the changes observed were due to a uni-
formly increased flow through the exchange
circulation.
The differential clearance of NAI awl lAP
from the subcutaneous tissue cannot be ex-
plained on the same basis. At 70° F. the mean
clearance of lAP from the 5 mm depth was
10.8% min1, a value close to that of 8.1% miir1
found by Jacobson (10) and not significantly
different from that of NAI (12.8% mirr1).
However, at 100° F. we found a significant in-
crease in the clearance of lAP over that of
NAI. It has been suggested that if at this
higher temperature there were a greater solu—
bility of the lAP in fat, this might explain the
increased clearance. In this study, the scintil-
lation detector was essentially at an infinite
distance from the isotope, and a movement of
the isotope one or two millimeters in a vertical
plane would not have significantly altered the
counting rate. On the contrary sequestration of
the lAP in subcutaneous fat might have re-
suIted in a decreased clearance. This would be
in accord with the data reported by Munck
(5), who found lAP clearance had a two phase
exponential curve with a slower second phase.
We could not confirm this finding.
Another suggestion is that iodoantipyrene
131 is not stable in the body (7). If in fact this
molecule split into two compounds, e.g. water
soluble iodide and relatively lipid soluble resi-
due, one phase of the clearance curve should
have a value similar to the I11 clearance. As
previously stated, more than 50% of the in-
jected lAP cleared within the first five minutes,
and during this time its clearance was signifi-
cantly greater than J131 under the same condi-
tions. We therefore feel that the large (70%)
increase in lAP clearance at the 5 mm level
during hyperthermia, with no corresponding
change in NAI clearance suggest that a pathway
is available for antipyrene that cannot be
utilized by the water soluble crystaloid. We
interpret this data as confirming the presence
of thermoregulatory shunts in forearm skin at
a depth of 5 mm and also demonstrating that
they do iot exist in the upper dermis.
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